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ABSTRACT 



Context. IGR J18483-031 1 is a high-mass X-ray binary recently discovered by INTEGRAL. Its periodic fast X-ray transient activity 
and its position in the Corbet diagram - although ambiguous - led to the conclusion that the source was a likely Be/X-ray binary 
(BeXB), even if a supergiant fast X-ray transient (SFXT) nature could not be excluded. 

Aims. We aimed at identifying the companion star of IGR J18483-031 1 to discriminate between the BeXB and the SFXT nature of 
the source. 

Methods. Optical and near-infrared photometry, as well as near-infrared spectroscopy of the companion star were performed to iden- 
tify its spectral type. We also assembled and fitted its broad-band spectral energy distribution to derive its physical parameters. 
Results. We show that the companion star of IGR J18483-031 1 is an early-B supergiant, likely a B0.5Ia, and that its distance is about 
3-4 kpc. 

Conclusions. The early-B supergiant nature of its companion star, as well as its fast X-ray transient activity point towards an SFXT 
nature of IGR 118483-0311. Nevertheless, the long duration and the periodicity of its outbursts, as well as its high level of quies- 
cence, are consistent with IGR J18483— 031 1 being an intermediate SFXT, in between classical supergiant X-ray binaries (SGXBs) 
characterised by small and circular orbits, and classical SFXTs with large and eccentric orbits. 
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1. Introduction 



X-rays: binaries, individuals: IGR J18483-031 1 - binaries: general - supergiants - Stars: fundamental 



High-mass X-ray binaries (HMXBs) are X-ray sources for 
which high-energy emission stems from accretion onto a com- 
pact object of material coming from a massive companion star. 
Until recently, the majority of known HMXBs were Be/X-ray 
binaries (BeXBs), and just a few were supergiant X-ray binaries 
(SGXBs). The launch of the INTErn ational Gamma-Ray 
Astrophysics Laboratory {INTEGRAL, IWinkler et all 120031) 
in October 2002 completely changed the situation, as many 
more HMXBs whose companion stars are supergiants were 
discovered during the monitoring of the Galactic centre and 
the Galactic plane using the onboard I BIS/ISGRI instruments 
dUbertini et al.ll200l ILebrun et alj|2003b. Most of th ese sources 
are reported in lBird et al.l(l2007l) and Bodag hee et al.l tt2007). and 
their studies reveal two main features which were not present 
on previously known SGXBs: first, many of them exhibit a 
considerable intrinsic absorption, far above the interstellar level; 
second, some of these new sources revealed a transitory nature 
and occasionally exhibit a fast X-ray transient activity lasting 
a few hours. It then appears that the INTEGRAL supergiant 
HMXBs can be classified in two classes: one class of consid- 
erably obscured persistent sources (see e.g. IChatv & Rahouil 
|2007|) and another of transitory sources called supergiant fast 
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* Based on observations carried out at the European Southern 
Observatory under the Target of Opportunity programme ID 078. D- 
0268. 



X-ray transients (SFXTs, Negueru ela et al . 2006). 

IGR J18483— 03 1 1 was discovered during observa- 
tions performed with INTEGRAL in 2003 April 23-28 
(IChernvakova et ail 120031) . and it was found to have average 
fluxes of about 10 mCrab and 5 m Crab in the 15 — 40 keV and 
40-100 keV bands, respectively. iMolkov et all (|2004) also 
detected the source in 2003 March-May during a survey of 
the Sagittarius arm tangent with INTEGRAL, and gave average 
fluxes of about 4.3 mCrab and 3.9 mCrab in the 18-60 keV 
and the 60-120 keV bands, respectively. Moreover, analysing 
archival data from the R ossi X-ray Timing Explo rer (RXTE) 
All-Sky Monitor (ASM), iLevine & Corbet! d2006l) reported a 
18.55 days periodicity of the lightcurve of IGR J18483-0311, 
likely corresponding to its orbital period. 

With archival data from observatio ns performed with 
INTEGRAL from 2003 May to 2006 April, ISguera et all d2007l) 
found five new outbursts from IGR J 18483-031 1 whose activity 
lasted no more than a few days, and characterised by fast flares 
lasting a few hours. They fitted its 3-50 keV spectrum with an 
absorbed cut-off power law, and derived Nh ~ 9 x 10 22 cm" 2 
(well above the galactic column density in the line of sight of 
about 1.6 x 10 22 cm" 2 ), F ~ 1.4, and E c ~ 22 keV. They 
also showed that all the outbursts are well-fitted by an absorbed 
bremsstrahlung whose parameters are A^h ~ 7.5 x 10 22 cirT 2 and 
kT ~ 21.5 keV. They reported a periodicity in the long term 
ISG RI light curve of ab out 18.52 days - confirming the result of 
ILevine & Corbet! d2006l) - and argued it is most likely an orbital 
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period. They also derived a periodicity of about 21.05 s in the 
JEM-X light curve of the first outburst, which is likely a neutron 
star pulse period. Finally, from archival Swift observations, the 
authors obtained a very accurate position of IGR J18483-031 1, 
which allowed them to pinpoint its USNO B1.0 0868-0478906 
and 2MASS J18481720-0310168 counterparts. They found that 
the magnitudes were typical of an absorbed massive late O/early 
B star which, along with the position of the source in the Corbet 
diagram as well as the periodicity of its high-energy activity, led 
them to conclude that IGR J 18483 -03 11 was likely a BeXB, 
with out excludi n g the p ossibility of an SFXT nature. 

Chat y et ail (|2008) assembled the broad-band spec- 
tral energy distribution (SED) of the companion star of 
IGR J18483-0311 from 0.7 fim to 8 fim, with near-infrared 
(NIR) photometric observations performed at the ESO/NTT 
using the Sofl instrument, as well as archival optical data from 
the USNO-A.2 catalogue, and mid-infrared (MIR) data from 
the GLIMPSE survey. They fitted it with a combination of 
two absorbed black bodies and showed that the best fit was 
consistent with the companion star being a heavily absorbed B 
star confirming the HM XB nature of IGR J 1848 3 -0311. At 
last, iMasetti et alj ((2008) performed optical spectroscopy of the 
companion star of IGR J18483-031 1, and concluded that it was 
an O/B giant star because of the large equivalent width of the 
H a emission line. 

In this paper, we report optical and NIR observations of 
IGR J18483-0311 performed in service mode at the ESO/NTT 
through our Target of Opportunity program ID 078.D-0268 (P.I. 
S. Chaty). These observations aimed at constraining the nature 
of its companion star and of the binary system. In Sect. 2, we 
describe the optical/NIR photometric and spectroscopic obser- 
vations, as well as their reduction. In Sect. 3, we present the 
results and show the broad-band SED of the companion star of 
IGR J 18483 -031 1. We finally discuss the outcomes in Sect. 4. 

2. Observations and data analysis 

2. 1 . Optical and NIR photometry 

In 2007 March 24, we performed optical photometry of 
IGR J18483-0311 in U, B, V, R, and / bands with the imager 
SUSI2 installed at ESO/NTT. We used the large field of view 
(5 '5x5 '5), and the plate scale was 0716 per pixel. The expo- 
sure time was 60 s in all filters for each exposure. We also ob- 
served four ph otometri c stand ard stars from the optical standard 
catalogue of lLandoltl d 1992b : PG1657+056, PG1657+056A, 
PG1657+056B, and PG1657+056C. 

NIR photometry was carried out in J, H, and Ks bands with 
the spectro-imager Sofl at ESO/NTT. We used the large field 
of view (4f92x4'92), and the plate scale was 07288 per pixel. 
In each filter, the observations were obtained by repeating a set 
of images with 9 different 30" offset positions to subtract the 
sky emission, and the exposure time was 1.2 s for each posi- 
tion. We also observed three photometri c standard sta r s from 
the faint NIR standard star catalogue of iPersson et al. | (Il998h : 
sj9116, sj9150, andsj9155. 

The photometric data were reduced using IRAF by perform- 
ing flatfielding and bad pixels correction, as well as bias sub- 
traction in the optical bands, and crosstalk correction and sky 
subtraction in the NIR. After the reduction, all the images were 
aligned and combined. We then carried out aperture photom- 
etry on the optical images. In the NIR, we used the software 
StarFinder, part of the Scisoft package from ESO, well-suited 



for point-source photometry in crowded fields. The instrumental 
magnitudes were then transformed to apparent magnitudes us- 
ing the zero-point, the extinction coefficient, and the color term 
corrections computed by linear fits using the standard stars. The 
optical and NIR magnitudes are listed in Table 1. It is worth 
noting that our optical magnitudes are about 1 magnitude lower 
than those given in the USNO catalogue, this difference proba- 
bly due to the strong uncertainty (> 1 magnitude) of the USNO 
magnitudes for very faint sources (>17 in the B band). 

2.2. NIR spectroscopy 

In 2007 March 18-19, we performed NIR low-resolution 
(R~1000) spectroscopy with Sofl between 0.9 fim and 2.5 fim, 
using the blue and red grisms and the 1" slit. Twelve spectra 
were taken in each grism, half of them on the source and the 
other half with an offset of 30" and allowing for sky emission 
subtraction. The exposure time of each spectrum was set to 60 s. 
We also observed in the same conditions HIP96265, a G3V tel- 
luric standard star, for telluric features correction. 

The NIR spectra were reduced with IRAF by performing 
crosstalk correction, flatfielding, sky subtraction, and bad pixels 
correction. The target spectra were then extracted, wavelength 
calibrated by extraction of a xenon arc with the same setup, and 
finally combined. The telluric features were corrected by divid- 
ing the final target spectrum by the telluric standard. To avoid 
line contamination by the standard star, we finally multiplied the 
corrected spectrum by a solar spectrum provided by the National 
Solar Observa tory (NSO), and mo dified using an IRAF routine 
developed by Maiolino et al.l d!996h . The routine corrects the so- 
lar spectrum for airmass, heliocentric, and rotational velocity to 
match the standard star properties, and smoothes the spectrum 
to rebin it to the instrument resolution. The final spectrum of the 
companion star of IGR J 1848 3 -03 11 - obtained by combining 
the blue and red grisms - is displayed in Fig 1 . 



3. Results 

3.1. Spectral classification 

To identify the spectral type of the companion star of 
IGR J18483-0311, we compared our spectrum with spectra 
from the H and K band s hot stars classifications given in 
lHanson et al.l dl996ll2005b and th e K b and spectroscopic clas- 
sification given in [Clark & Steele! d2000b . In the spectrum dis- 
played in Fig 1, we marked all the detected features (listed in 
Table 2), most of them due to H i and He i. In the H band spec- 
trum, we also detected the Pa/? (5-3) feature at 1.2822 fim and 
the O i feature at 1 .3 170 fim. 

The presence of the Bry (7-4) line in absorption at 
2.1668 fim and of several He i lines i s typical of a normal 09- 
B3 massive star dClark & Stee le 2000). This therefore excludes 
the system to be a BeXB. Moreover, the presence of the Hei 
line at 2.0580 /im in emission and the Hei line at 2.1121 fim 
in absorption is typical of early B0-B2 supergiants. Comparing 
the relative strengths of the Hei lines at 1.6996 fim, 2.0580 
and 2.1121 //m, and of the Hi lines at 1.6819 fim, 1.7362 fim, 
and 2.1668 fim, with the relative strengths of the same lines in 
lHanson et al. I dl996ll2005b . we find that the star is likely a B0.5Ia 
supergiant. 
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Table 1. Optical and NIR magnitudes (Mag) of IGR J 18483-031 1 obtained with SUSI2 and Sofl. We also give the zero point Z p in 
each filter. 



Filters 


V 


B V 




R 


/ 


J 


H 


Ks 


z p 


23.279 ± 0.023 


24.837 ±0.030 24.423 ± 


0.018 


24.480 ± 0.013 


22.707 ± 0.061 


23.059 ± 0.020 


22.814 + 0.013 


22.211 ±0.019 


Mag 


> 23.702 


> 25.162 21.884 ± 


0.313 


17.888 ± 0.041 


14.382 + 0.061 


10.840 ± 0.028 


9.376 ±0.018 


8.472 ± 0.023 
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Fig. 1. 1.12 /mi to 2.3 /mi low -resolution spectrum of the companion star of IGR 18483-031 1, obtained with the blue and red grisms 
of Sofl. 



Table 2. Spectroscopic features we detected in the blue and red 
spectra of the companion star of IGR J18483-0311. We also 
give their laboratory and fitted wavelengths in //m (A and /tfi t , 
respectively), their equivalent width (W) and their full-width at 
half-maximum (FWHM), in A. 



Identification 


A 


/Ifit 




W 


FWHM 


Pa (5-3) 


1.2822 


1.2820 


1.013 


8.351 


He I 


1.2976 


1.2975 


0.765 


20.97 


Ol 


1.3165 


1.3170 


1.700 


17.4 


Br (23-4) 


1.5043 


1.5050 


0.949 


22.53 


Br (19-4) 


1.5265 


1.5264 


1.018 


41.25 


Br (15-4) 


1.5705 


1.5698 


0.856 


23.40 


Br (13-4) 


1.6114 


1.6111 


1.049 


37.56 


Br (12-4) 


1.6412 


1.6405 


0.641 


25.94 


Br (11-4) 


1.6811 


1.6819 


0.723 


27.25 


He I 


1.7007 


1.6996 


1.053 


32.72 


Br (10-4) 


1.7367 


1.7362 


0.813 


33.26 


He I 


2.0587 


2.0580 


-5.794 


32.16 


He I 


2.1126 


2.1121 


1.168 


30.67 


Br (7-4) 


2.1661 


2.1668 


1.151 


23.17 



3.2. Spectral energy distribution 

To assemble the broad-band SED of IGR J18483-0311, we 
added its archival MIR fluxes from the Spitzer's Galactic 
Legacy Infrared Mi d-Plane Survey Extraordinaire (GLIMPSE, 
Benj amin etall 120031) of the Galactic plane (\b\ < 1° and be- 



tween Z=10° and Z=65°, on both sides of the Galactic centre) 
performed with the Spitzer Space Telescope with the IRAC cam- 
era in four bands, 3.60+0.38 /mi, 4.50±0.51 /mi, 5.80+0.73 jum, 
and 8.00±1.43 /mi. The GLIMPSE fl uxes of the comp anion 
star of IGR J18483-0311 are listed in IChatv et all d2008b . We 
then fitted the SED (using a x 2 minimisation) with an absorbed 
black body represen ting the companion star emission, following 
iRahoui et ail ([2008). We added to the flux uncertainties a 5% 
systematic error in each NIR band, and a 2% systematic error in 
each IRAC band, as given in the SofQ and the IRA03 manuals. 
The best-fitted SED and parameters are displayed in Fig 2 and 
listed in Table 3, respectively. 



3.3. Distance 

The best-fitted temperature of the companion star of 
IGR 18483-0311 (7*, = 24600 K) is consistent with the 
star being a B0.5I a supergiant , foll owing the temperature 
calibration given in ISearle et alj J2008). In their paper, they 
also give the expected unabsorbed absolute magnitude of a 
B0.5Ia supergiant star, M v = -6.5, as well as its expected 
radius, R e = 33.8R©. Using these two parameters, as well as 
A v and R*/D t that we derived from our fit, we can assess the 
distance of the source with one of the following relations: 
D* = 10°- 2 ^v-A v -M v +5) (in pcX or D< = (in 



1 http://www.ls.eso.org/docs/LSO-MAN-ESO-40100-0004/LSO- 
MAN-ESO-40100-0004.pdf 

2 http://ssc.spitzer.caltech.edU/documents/som/som8.0.irac.pdf 



4 



F. Rahoui and S. Chaty: IGR J18483-031 1: a new intermediate supergiant fast X-ray transient 



ie-n r . — . — . — . — . — . — . — . . . . 

Absorbed 

Unabsorbed 

1e-12 r 




0.1 1 10 100 

X (urn) 

Fig. 2. Broad-band SED of IGR J 1848 3 -0311. Assembled with 
optical, near-, and mid-infrared data from SUSI2, Sofl, and 
IRAC, respectively. 

Table 3. Best-fitted parameters of the SED of 
IGR J 18483 -0311. We give the total galactic absorption in 
the line of sight due to Hi (Am) and H2 (Ah 2 ), the absorption 
of the source in the X-ray domain A x , and then the parameters: 
the optical intrinsic absorption A v , the temperature T» and the 
R t /D* radius-to-distance ratio of the star. The absorptions are 
given in magnitudes. 



Am 


A H2 


A x 


A v 


T,[AT,](K) 


RJD, 


7.9 


9.6 


48.1 


15 7 +0 - 2 


24600[17500 - 36800] 


1.94!°|J x 10- 10 



in R ), where m v is the optical apparent magnitude of the source. 
Both relations give D t = 3.44 kpc and D* = 3.93 kpc, respec- 
tively. Both values are consistent within the uncertainties and 
we therefore conclude that the distance of IGR J 18483 -031 1 is 
about 3-4 kpc. 



function of the duration and the frequency of their ou t bursts , 
as well as their L max /imin ratio, IWalter & Zurita Herasl d2007t) 
showed the existence of intermediate SFXTs, characterised by 
a lower ratio and longer flares. Finally, Negueruela et al. (2008) 
proposed a general scheme to explain the emission of both 
SGXBs and SFXTs. The authors argued about the existence of 
a zone around the companion supergiant star (radius < 2R„), in 
which the clump density is very high, and another one (radius 
> 3R*) in which it is low. In function of the orbital parameters 
of the compact object, the system could be a classical SGXB 
(small and circular orbit inside the zone of high clump density), 
a classical SFXT (large and eccentric orbit), or an intermediate 
SFXT (small orbits , circular or eccen tric) with possible periodic 
outbursts (see also lSidoli et alj|2007l for an alternative model). 

Considering the longer duration of its flares as well as 
their 18.52 days periodicity, and its lower L m!i JL m i n ratio, 
IGR J 18483 -03 11 is likely an intermediate SFXT. Moreover, 
to figure out - in the framework of the model proposed by 
Neguerue la et alj d2008l) - whether its orbit is circular or elliptic, 
we can first use the Kepler's third law for a B0.5I a supergiant 
mass and radius M* = 33M Q and R* = 33. 8R© dSearle et al.l 
2008), and a neutron star mass of 1.4M to derive the semi- 
major axis and we find a ~ 2.83/?*. Then, assuming that 
IGR J 1848 3 -03 11 only gets into activity when orbiting within 
the zone of high clump density, we find that an eccentricity 
0.43 < e < 0.68 is needed to explain the aver age three days 
bursting activity reported in Sgu era et al.l ([2007 )■ We then con- 
clude that IGR J 18483 -03 11 is an intermediate SFXT with a 
small and eccentric orbit. 

Acknowledgements. We are grateful to Jerome Rodriguez for his 
useful website in which all INTEGRAL sources are referenced 
(http://isdc.unige.ch/~rodrigue/htral/igrsources.html I. F.R. acknowledges 
the CNRS/INSU for the funding of the third year of his ESO/CEA PhD 
studentship. This research has made use of NASA's Astrophysics Data System, 
of the SIMBAD and VizieR databases operated at CDS, Strasbourg, France, of 
products from the US Naval Observatory catalogues, of products from the Two 
Micron All Sky Survey as well as products from the Galactic Legacy Infrared 
Mid-Plane Survey Extraordinaire, which is a Spitzer Space Telescope Legacy 
Science Program. 



4. Discussion and conclusions 

The identification of its companion star as a B0.5Ia supergiant, 
as well as its fast X-ray transient activity, are consistent with 
IGR J 18483- 03 11 being a n SFX T. Nevertheless, as already 
pointed out in ISguera et ail d2007l) . the IGR J18483-0311 X- 
ray behaviour appears unusual. Indeed, whereas outbursts last 
a few hours and L max /L m ; n ~ 10 4 for typical SFXTs, the out- 
bursts of IGR J18483— 03 1 1 last a few days and its L m . dx /L m \ n 
ratio is ~ 10 3 (meaning t hat its quiescence is higher ). Moreover, 
iLevine & Corbell ((2006) and ISgueraetal] d2007l) reported a 
18.52 days orbital period, which is quite low compared to what 
is expected for classical SFXTs, with large and eccentric orbits. 

Recently, several authors pointed out the impo rtance of 
clump y winds to e x plain th e SFXT behaviour ( in' t Zand! 
2001 iLevder et all 120071 IWalter & Zurita Herasl 120071 



Neguerue la et alj 120081) . They argue that the flares are cre- 
ated by the interaction of the compact object with dense clumps 
(created in the stellar wind of the companion star), the frequency 
of the flares depending mainly on the geometry of the system. 
On the contrary, the quiescent emission would be due to the ac- 
cretion onto the compact object of diluted inter-clumps medium, 
which would explain the very low quiescence exhibited by 
classical SFXTs. Moreover, by classifying twelve SFXTs in 
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